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Radio waves
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The earth's atmosphere absorbs
electromagnetic radiation of most
wavelengths. However, there are
bands in which the atmosphere is
essentially transparent, and two
of these are wide enough to be
major importance. The most
familiar is the optical window,
which extends from a wavelength
of 0.3 m to about 1m. The second
s the radio window, which
extends from 1 mm to about 15
m. Figure next to is a schematic

representation of the
transparency of the earth's
atmosphere.

In the wavelength range of 1 mm
to 10 mm the absorption is due
mainly to oxygen and water
vapor. The radio window is cut off
on the long-wave side at the
critical frequency of reflection by
the ionosphere. Since the critical
frequency for reflection depends
on the ionospheric electron
density, which is variable,
observations can often be made
below 20 MHz (15 m) cutoff
frequency down to 9 MHz and
occasionally to 1 MHz The
electron density in the ionosphere
varies with the time of day,
geographic location of the
observer, solar activity, and so
on.



Linear aperture and its radiation pattern.

Linear aperture and its radiation pattern. The excitation i(x) (left) and the radiation pattern Fq) (right) are
related by a Fourier transform.

In the simple case the aperture is reduced to a line distribution of excitation currents i(x) at a single
wavelength | . At a large distance from the aperture, in direction g to the normal, the contribution of each
element i(x)dx to the radiation field depends on the phase introduced by the path xsing ; omitting
normalizing factors and making the small-angle approximation sing = q, the radiation pattern FQ) is:

Fag) = int (exp (-i (2pxqg/1))i(x) dx)

The generalization to a two-dimensional aperture follows naturally and sets out the basic relationship:
the radiation pattern is the Fourier transform of the aperture distribution.



The History of Radio Astronomy

1894 Sir Oliver Lodge attempted detection of radiation
from the Sun at centimeter wavelengths. Unfortunately
over the next forty years, further attempts also failed
due to inadequate detection techniques.

1931 Karl Jansky, while working for Bell Telephone

Laboratories, conducted experiments on

radio wavelength interference. Jansky

. detected three separate groups of static;

 local thunderstorms, distant thunderstorms
and a steady hiss-type statlc of unknown

| origin.
This rotatable antenna looks \ gl }‘
similar to a marry-go-round i gl ’K

t'ﬂIQ
and the receiving frequencies e i
were in the range of 15 to 30 MHz gl o =



The history of Radio Astronomy

The unknown source that Jansky found is
the center of the Milky Way
as he was able to show
be determining its position on the sky.

Radio unit

1 Jansky = 10°° W m™“Hz
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The history of Radio Astronomy

1937 Grote Reber built a parabolic, 9.5-m diameter,
reflector dish in his backyard. This was the first radio
telescope used for astronomical research. He detected
celestial radio emission at approximately 2-m and
confirmed that the radio emission arose from the
Galactic plane.

1944 Reber published the first radio frequency sky
map.




The history of Radio Astronomy

1942 the first observation of radio emission from the
sun done by J. S. Hey. Later the same year G. C.
Southworth made the observation of thermal radio
emission from the sun at centimeter wavelengths.

In 1946 J. S. Hey, S. J. Parson and J. W. Phillips
observed fluctuations in the intensity of cosmic radio
waves from the constellation Cygnus. It was the first
discrete source of emission beyond the solar system.

In 1951 H. I. Ewen and E. M. Purcell detected the
spectral line emission from neutral Hydrogen. For the
first time, astronomers could determine the shape of
our own home galaxy.



The history of Radio Astronomy

In 1963 Bell Laboratories assigned Arno Penzias and
Robert Wilson the task of tracing the radio noise that
was interfering with the development of communication
satellites. They discovered that no matter where the
antenna was pointed there was always non-zero noise
strength, even where the sky was visibly empty. This
major discovery made by Penzias and Wilson was the
cosmic background radiation and the strongest
evidence for the big bang.

The Nobel Prize in Physics 1978

"for their discovery of cosmic microwave
background radiation”

Robert Woodrow Arno Allan
Wilson Penzias

—
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The Cosmic Background Explorer (COBE)
satellite was designed to measure the
diffuse infrared and microwave radiation
from the early Universe, to the limits set
by our astrophysical environment.

The following image shows the 53 GHz
map:

TOP: prior to dipolesubtraction
MIDDLE: after dipole subtraction

BOTTOM: after subtraction of a model of
the Galactic emission




The history of Radio Astronomy

In 1967 Antony Hewish and Jocelyn Bell used a large
receiving antenna, at the unusually long wavelength of
3.7 m; this system had sufficient sensitivity and time
resolution to detect individual pulses at the intervals of
1.337 s from the pulsar which we now designate

PSR 1919+21.

The Nobel Prize in Physics 1974

"for their pioneering research in radio astrophysics:
Ryle for his observations and inventions,
in particular of the aperture synthesis technique,
and Hewish for his decisive role in the discovery of pulsars"

Sir Martin Ryle Antony Hewish



Radio telescope as antenna

The receiver may Iincorporate a mixer
or frequency converter that shifts the
initial frequency band (centered at n )

up or down In frequency, but
otherwise preserves the signal; a local
oscillator Injects a pure sinusoid at
frequency n, and the resulting

iIntermediate frequency band iIs at
either the sum or difference
frequency. A receiver of this type, that
translates the input signal band to an
Intermediate frequency, Is called a
heterodyne receiver. The receliver
output Is detected and integrated, and
the results are read out, usually by a
computer which records them on tape
or disk.

Antenna

parabolic
dish

computer
recorder
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amplifier

A radio telescope reflects radio waves to a
focus atthe antenna



Single-aperture radio telescope, steerable

Effelsberg, 100 m

Torun, 32 m




Single-aperture radio telescope,




va

E Arecibo, 305 m
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The spherical reflector is fixed; 4%
the feed system, including a  (#88%;

el
-

secondary reflector, moves on (&g
the suspended system.




100-meter
http://ww. gb. nrao. edu/

Structural diagram of
the Green Bank offset
feed radio telescope.
The feed supports don't
obstruct the aperture,
as they must do If
mounted on axis.



http://ww. drao. nrc. cal/ sci ence/ vl bi/principles/principlesshtn



http://wwv. geoci ti es. conf CapeCanaver al / 2309/ page3. ht nl



VLA - The Very Large Array, one of the world's
premier astronomical radio observatories,
consists of 27 radio antennas in a Y-shaped
configuration on the Plains of San Agustin fifty
miles west of Socorro, New Mexico. Each
antenna is 25 meters in diameter. The data from
the antennas is combined electronically to give
the resolution of an antenna 36 km across, with
the sensitivity of a dish 130 meters in diameter.

http://ww. j b. man. ac. uk/ merlin
http://ww. jb. man. ac. uk/ vri/
this is very good page where
you can play with The Virtual
Radio Interferoneter (VR)

http://ww. aoc. nrao. edu/ vl a/



http://ww. ] b. man. ac. uk/ vl bi /



HALCA

HALCA observes in concert with a number of
ground radio telescopes around the world,
employing Very-Long Baseline Interferometry
(VLBI) technology. Observations with HALCA
and ground radio telescopes are undertaken as
part of the VLBI Space Observatory Program
(VSOP). VLBI observations allow very high
resolution images to be obtained of celestial
radio sources. The high apogee of HALCA's
orbit enables baselines up to three times longer
than possible on Earth with a corresponding
gain in resolution.

HALCA's telescope has a main
reflector with an effective diameter
of 8 m, consisting of a mesh of gold.
coated molybdenum wire,
suspended between six extendible
masts and shaped by a tension-
truss arrangement. It uses
Cassegrain optics, with a
hexagonal sub-reflector inscribed
In a 1.1 m diameter circle.

Observations can be made within the frequency ranges 1.60-1.73 GHz, 4.7-5.0
GHz and 22.0-22.3 GHz, http://ww. vsop. i sas. ac. | p/.



The bright radio galaxy PKS 0521-365. 1Itis a 4.8 GHz VSOP image of the core of the
galaxy PKS 0521-365. The 1 mas (milli-arc-second) bar corresponds to a linear distance
of about 1 parsec (3.26 light years) at the distance of the galaxy. VSOP observations
together with ground-VLBI observations have been used to that show that any apparent
motion of components in the jet of PKS 0521-365 must be less than 1.2 times the speed
of light. This, together with the core brightness temperature and jet to counter-jet ratio,
suggest PKS 0521-365 is not highly beamed, and constrains previous modeling of the
source. Evidence for evolution internal to a jet component is seen.



Millimeter and sub-millimeter telescope

IRAM - Institut fur RadioAstronomie im Millimeterbereich :
- CNRS (Centre National de la RechercheScientifique, France)
- MPG (Max Planck Gesellschaft, Germany)
- IGN (Instituto Geografico Nacional, Spain).

Observations  from  the
ground are possible in a

number of "windows"
separated by absorption
bands; absorption at

wavelengths of 5 mm and
25 mm is due to oxygen,
and all other strong
absorption bands are
caused by water vapor. The
IRAM telescopes observe
through the windows
located around 3 mm, 2
mm, 1.3 mm, and 0.85 mm.

At longer wavelengths, the atmosphere is essentially transparent until about 30m
wavelength, while at shorter wavelengths, in the far- and mid-infrared, it is opaque
until the transmission windows in the near-infrared and in the visible.



Millimeter and sub-millimeter telescope

The Pico Veleta Observatory and its 30 meter
diameter telescope are located at an altitude
of 2920 m above sea level. Its high altitude,
southern location and its dry climate provide
favorable conditions for observing millimeter
waves (http://iram.fr) .

This an alt-azimuth mounted radio telescope is
the world's largest telescope operating at
wavelengths between 08 and 35 mm
(frequencies between 350 and 80 GHz). This
wavelength range contains the spectral lines of
the most abundant interstellar molecules and
still offers a good atmospheric transparency.

Until recently, it was not technically possible to

directly amplify millimeter wave radiation, at
least not without adding excessive noise.
Therefore, the receivers for millimeter waves
start by converting the incoming signal to a
lower frequency band by non-linear mixing with
a "local oscillator"signal.

The angular resolution of a single dish radio telescope is fixed by the ratio of the
wavelength to its diameter. When the 30 m telescope observes at 1.3 mm wavelength, the
smallest detail that can be seen (a "pixel") has a size of 10" (10 arc seconds).



Pico Veleta Observatory

The main reflecting surface is made up of 420 panels of aluminum
honeycomb, supported by a backup structure of steel tubes. The reflector
moves in elevation atop a steel tower, itself moving in azimuth on a concrete
tower. This 350-ton structure can be pointed on the sky with an accuracy of a
few arc seconds.

Assembly of the Pico Veleta 30 m diameter antenna.



IRAM Interferometer

The IRAM antennas are of the Cassegrain type.
Their collecting areas are 175 m* for each
Plateau de Bure 15 m antenna and 700 m? for
the Pico Veleta telescope. The primary purpose
of the antenna is to collect radiation from weak
cosmic sources and concentrate it at the
receiver input, which is only a few millimeters
across. In order to achieve optimum
performance, the reflecting surfaces must not
deviate from their ideal shape by more than
60mm. This accuracy must be maintained
against the perturbations of wind, temperature
changes, and grauvity.

The antennas can move on rail tracks up to a
maximum separation of 408 m in the E-W
direction and 232 m in the N-S direction,
corresponding to the resolution of 0.5" when
observing at 1.3 mm wavelength



IRAM Interferometer

The reflecting surface of
each interferometer
antenna is made up of 176
panels of carbon-fiber
reinforced epoxy and
aluminum honeycomb,
except for antenna 5
where the panels have
been precision machined
out of massive aluminum
blocks.

The reflector is supported
by a steel mount, which
can move along the rail

tracks to change the
Interferometer
configuration.



Scientific highlights from the IRAM observatories

VLBI measurement of quasars

CO detection in a high-redshift
galaxy

Gravitational lensing

M51 Galaxy (Whirlpool, NGC5195)
Comet Hale-Bopp

A pulsar at 3 mm

Envelopes around stars

Bipolar outflows

Circumbinary disks

Proto-planetary disks

The detection at 83 GHz of pulsed emission from
the object PSR B0355+54, discovered at lower
frequencies, came as a surprise due to the
weakness of the signals at these wavelengths. This
first detection gives some clues to the pulsing
behavior still persisting at this high frequency.



The Atacama Large Millimeter Array Project (or ALMA)

The next major step in millimeter astronomy, and one of the highest-priority items in
astronomy today, will be a large millimeter array with a collecting area of up to
10,000m*. This will be roughly 10 times the collecting area of today's largest
millimeter array in the world, the IRAM interferometer with 5 15 m diameter
telescopes. With baselines foreseen to extend to 10 km, the angular resolution
provided by the new instrument will be that of a diffraction limited 4 m optical
telescope htt p: / / www. eso. or g/ proj ect s/ al ma/.



Pulsar
Astronomy

The radio emission from pulsars represents only a

small part of the total energy generated by their
rotational slowdown, but it Is nevertheless a
remarkable indicator of many physical properties.

http://imagi ne. gsfc. nasa. gov/ docs/ sci ence/ know | 1/ pul sars. ht n
http://science. nasa. gov/ newhone/ hel p/tutorial s/ pul sar. ht m

http://cseplO. phys. ut k. edu/ astr 162/ 1| ect/ pul sars/ pul sars. ht m



Pulsar Astronomy

Discovery observations of
the first pulsar. (a) The first
recording of PSR* 1919+21;
the signal resembled the
radio interference also seen
on this chart: (b) Fast chart
recording showing individual
pulses as downward
deflections of the trace
(Hewish et al. 1968).

* PSR - Pulsating Source
of Radio



Crab Pulsar - PSR B0531+21

The Sounds of Pulsars:

http://ww. jb. man. ac. uk/ ~pul sar/ Educat i on/ Sounds/ sounds. ht m



Pulsar emission mechanisms.



Period - Period derivative diagram.



Distribution on the sky of circa 1500 normal pulsars in galactic coordinates |, b.






The Nobel Prize in Physics 1993

"“for the discovery of a new type of pulsar,
a discovery that has opened up new possibilities
for the study of gravitation"

Russell A. Hulse Joseph H. Taylor Jr.



Pulsar Timing



The Planetary System
Around The Pulsar
PSR B1257+12

Wolszczan, A. & Frall, D. A,
1992, A planetary system
around the millisecond pulsar
PSR 1257+12, Nature, 355, 145



